The major part of plants foraged by endangered pampas and marsh deer at the Brazilian Pantanal Wetland belongs to botanical genera containing medicinal species used mainly for healing infectious and inflammatory diseases. In this study, extracts and fractions of 19 plant species from deer diet were in vitro screened against bovine and suid herpesviruses, avian reovirus and infectious bursal disease virus (IBDV). At non-cytotoxicity concentrations, the extract and/or fractions from 14 plant species presented antiviral activity against at least one of these viruses except IBDV. Cecropia pachystachya, Melochia villosa and Polygonum acuminatum presented the most relevant results against bovine and suid herpesviruses while Andira cuyabensis was the most active plant against avian reovirus. C. pachystachya extract and fractions showed virucide effect, and kept their inhibitory activity towards both herpesviruses independent of the addition time in cell culture. Considering the benefit of the antioxidant activity of food and medicinal plants for the health balance, and its important role in viral infections, the extracts were also screened in a DPPH assay. Our findings show that several plants foraged by pampas and marsh deer possess antiviral activity against some pathogenic viruses for mammals. This study proposed an innovative strategy by adopting plants consumed in the diet of wild non-primate mammals for the search of potentially therapeutic substances.
INTRODUCTION
Viral infections are responsible for serious health problems and economic losses in the World, including animal pathogens important to agriculture. Bovine herpesvirus type 1 (BoHV-1), the major pathogen of cattle, causes a variety of diseases, including rhinotracheitis and abortion. The Suid herpesvirus type 1 (SuHV-1), also known as pseudorabies virus (PRV), is responsible for a fatal pig disease known as Aujeszky's disease. These both enveloped DNA viruses have a great importance in veterinary due to the severity of their infectious diseases as well as by their trading restrictions (Muylkens et al. 2007; Nauwynck et al. 2007 ). Avian reoviruses (ARVs) are the agents of a series of diseases in commercial poultry, including viral arthritis, gastroenteritis, hepatitis, myocarditis and respiratory illness (Rosenberger, 2003) . The infectious bursal disease virus (IBDV) is the pathogenic agent of an acute and highly contagious disease in young chickens of economic importance in poultry farms. These latter are nonenveloped viruses with linear double-stranded RNA (Lukert & Saif, 2003) .
Vaccination remains today an important strategy to fight animal virus infection. The inactivated vaccines provide levels of protection although the success of vaccination requires stimulation of both antibody and cellular responses. In contrast, the live attenuated vaccines are more efficient than inactivated vaccines in spite of the risk of spreading the virus vaccine because they are still infectious (Lukert & Saif 2003; Rosenberger 2003; Pomeranz et al. 2005; Zhao & Xi 2011) . Therefore, these vaccines provide partial protection against viral infections and for this reason, it is necessary to find other means to possibly decrease the incidence of infections such as natural complementary therapy (Akula, et al. 2002) .
Plants produce a vast number of compounds (secondary metabolites), which play an important role in plant protection from injury, ultraviolet (UV) radiation and pathogens (Hartmann, 2007) . Such metabolites, including phenolics, terpenes and nitrogen-containing compounds, have a broad spectrum of biological activities Chen, 2011) . For this reason, they represent a potential source of bioactive molecules. Moreover, there is a parallel between immune system of plants and mammals, including mechanisms for defense against microorganisms (bacteria, fungi, viruses, etc.) , which represent a constant threat to living organisms (Rodríguez et al., 2012) . The complex mixtures of plant extracts can interact with different targets of viral replication, affecting since the initial step such as the virus adsorption to the host cell until the release of viral particles. In general, plant extracts or compounds can act on viruses by direct inhibition, by enhancing immune function of the host or by suppressing inflammation and protecting tissue from damage. Virus infection is associated with oxidative stress by the release of reactive oxygen species (ROS) and pro-oxidant cytokines, such as tumor necrosis factor and interleukin-1, by virus-activated phagocytes. The ROS play an important role in the development of tissue damage and pathological changes Schwarz, 1996) and contribute to pathogenesis for a number of viruses (Akaike, 2001; Garozzo et al. 2007; Panchal et al. 2012) . Then, the plants can be seen as a promising antiviral source showing a wide action spectrum and without damage to the infected host (Wink, 2010; Chattopadhyay et al. 2007) .
In the present study, we focused our attention on the plants composing the diet of two endangered deer living at a Private Natural Heritage Reserve in the Brazilian Pantanal wetland. The population of marsh deer Blastocerus dichotomus (Illiger, 1815) and pampas deer Ozotocerus bezoarticus (Linnaeus, 1758) has been seriously reduced due to environmental destruction, hunting and diseases (Costa et al. 2006) . The plants eaten by these animals were inventoried by Costa et al. (2006) as a result of the direct observation of their foraging habits. The wild deer in its natural habitat has a more varied diet than confined animals, what may contribute to enhance its health conditions due to a greater interaction with more varied biochemical diversity (Provenza et al. 2003) . Depending on the concentration and chemical nature of secondary metabolites present in the diet they can benefit herbivores in increasing health conditions (Provenza & Villalba, 2010) .
We observed that several plants foraged by these deer are medicinal or belong to a medicinal genus (Costa et al, 2006) . Thus, the aim of this study was to evaluate whether extracts from plants foraged by those deer were able of inhibiting animal pathogenic viruses. We also assessed the antioxidant potential of the plant extracts, since virus infection is also associated with oxidative stress Schwarz, 1996) .
MATERIAL AND METHODS

Cell cultures
Cell lines MDBK (Mardin and Darby Bovine Kidney, ATCC-CCL 22), Vero (African green monkey kidney, ATCC-CCL 81) and RK-13 (Rabbit Kidney, ATCC-CCL 37) were cultivated in Eagle's minimal essential medium (MEM) supplemented with 10% foetal calf serum, 2 mM L-glutamine, 100 U/mL penicillin and 0.1 mg/mL streptomycin. In the cells RK-13 was also added 2.95% of tryptose phosphate broth.
Viruses
The Los Angeles strain of Bovine herpesvirus (BoHV-1) and Nova Prata strain of Suid herpesvirus (SuHV-1) were supplied by the Instituto Desidério Finamor, RS, Brazil (Fonseca et al. 2010) . The Infectious bursal disease virus (IBDV) intermediate vaccine (strain S706) was kindly provided by Merial. The avian reovirus (ARV) was isolated (a field sample H) in our laboratory (Simoni et al. 2002) . The viral media titers were 10 7.6 TCDI 50 /mL and 10 7.0 TCDI 50 /mL to SuHV-1 and BoHV-1, respectively in MDBK cells; 10 6.5 TCDI 50 /mL to IBDV in RK-13 cells; and 10 6.0 TCDI 50 /mL to ARV in Vero cells.
Plants
Aerial parts of nineteen plant species (Tables 1  and 2) 
Extract preparation
Aerial parts of the plants were air dried and cut in small pieces and extracted by decoction with boiling distilled water (10% w/v), during 10 minutes. The crude water extracts were filtered through paper filter and the filtrates were frozen and lyophilized.
The resulting crude aqueous extract (CAE) was re-suspended in distilled water and mixed with equal volume of ethanol for a preliminary fractionation by precipitation. The mixture was shaken and kept at 5 °C for 24 h, forming a precipitate that was separated by paper filtration. Both precipitate (P) and supernatant (S) were frozen and lyophilized.
The crude aqueous extract, precipitate and supernatant of each plant were dissolved in equal parts of distilled water and MEM twice concentrated (Cultilab ®) to a final concentration of 2000 or 4000 µg/mL, and sterilized by filtration (0.22 µm filter). Only the fraction P was previously dissolved with 10% dimethyl sulfoxide (DMSO; Merck®).
Cytotoxicity assay
MDBK and Vero cells were grown in 96-well microtiter plates (3 x 10 4 cells per well) at 37°C in a 5% CO2 atmosphere. After 24 h, the medium was removed and two-fold serial dilutions of the extracts and fractions were added in triplicate. The extract samples concentrations ranged to 2000 µg/mL until 1,95 µg/ mL. Every cell morphology alteration was observed by microscopic examination until 96 h, determining the maximum non cytotoxic concentration (MNCC) of each extract and fraction (Koseki et al. 1990 ). The RK-13 cells were prepared at the same day. Cells incubated only with MEM (or MEM with 10% DMSO) were used as control.
Antiviral activity evaluation
The MDBK and Vero cells were prepared as described above. After incubation for 1 h with 100 µL of extracts/or fractions at their corresponding MNCC, the viruses (50 µL of logarithmic dilutions of animal herpesviruses and reovirus) were added in microplates (Simoni et al. 2007 ). For RK-13 cell line, the extracts or fractions and the virus (IBDV) were added in microplates with freshly cultivated cells. Controls consisted of untreated infected (virus titer) and untreated noninfected cells (cell control).
The viral titers were calculated by the Reed & Muench (1938) method of end point titration (TCID 50 ). Antiviral activities were calculated as the difference of virus titer between treated and untreated infected control cultures and expressed as viral inhibition index (VII). ANOVA followed by Tukey test was used to evaluate the difference between the VII values. A P value of less 0.05 was considered statistically significant.
Radical scavenging evaluation
This activity was assessed by the spectrophotometric assay of the stable free radical 1,1-diphenyl-2-picryl-hydrazyl (DPPH), a simple and widely used test in the literature (Blois, 1958) . Practically, 1 mL of the crude aqueous extract solution (ethanolic or aqueous) (0.1-100 µg/mL) was added to 1 mL of an ethanolic solution of DPPH (0.1 mM) and the reaction mixture was shaken for one hour at room temperature. DPPH absorption of the sample was immediately measured at 515 nm on an UV-Vis spectrophotometer (experiments were made in duplicate). The radical scavenging activity of each extract was measured by the decrease ratio of absorption in the presence or absence of extract (control value). Only the results for the most antioxidant extracts were shown. The extracts were tested at four different concentrations 100, 10, 1 and 0.1 µg/mL. The percent scavenging activity (SA%) was expressed using standardized methodology (Tait et al. 1996) . Three reference compounds were used as positive controls: gallic acid, which is a very common phenolic metabolite from plant origin; rutin, a flavonol glycoside and quercetin, its corresponding aglycone.
High performance liquid chromatography (HPLC) analysis
The phenolic compound profiles were analyzed by HPLC-UV. Crude aqueous extracts from Cecropia pachystachya, Melochia villosa and Polygonum acuminatum were analyzed on a reversed-phase HPLC column (LiChrospher® 100; RP-18; 5µm; Merck) in a SHIMADZU® LC-10AD chromatograph. Separation Module was equipped with an UV detector. Spectral data were recorded from 200 to 400 nm. The mobile phase was composed of solvent (A) water/phosphoric acid 0.01% (pH 2-3) and solvent (B) acetonitrile. The solvent gradient was as follows: 0-10 min, 10% B; 10-20 min, 15% B; 20-40 min, 20% B; 40-60 min, 28%; 60-80 min, 50% B; 80-90 min, 100% B; 90-98 min, 100% B (C. pachystachya); 0-5 min, 15% B; 5-25 min, 15% B; 25-55 min, 30%; 55-60 min, 50% B; 60-70 min, 100% B; 70-85 min, 100% B (M. villosa) and 0-5 min, 5% B; 5-40 min, 20% B; 40-50 min, 30%; 50-60 min, 50% B; 60-70 min, 100% B; 70-80 min, 100% B (P. acuminatum). A flow rate of 1 ml/ min was used and 20 μL of sample were injected. The chemical classes of phenolic compounds detected in each extract were identified by comparing UV spectral data to external standards (gallic acid, rosmarinic acid, caffeic acid, cinnamic acid, rutin, quercetin and isorientin) and literature data. The external standards were purchased from SIGMA Brazil.
RESULTS
Cytotoxicity of extracts and fractions in cell lines MDBK, Vero and RK-13
The cytotoxicity of the extracts and fractions against virus-host cells was firstly investigated in three cell lines. The maximum non-cytototoxic concentrations (MNCCs) of these 57 samples are summarized in Table 1 .
The MNCCs were similar within the same plant species independent on the vegetal sample analyzed (crude aqueous extract -CAE -or fractions or cell line). The species Ludwigia nervosa, Lippia alba, Sebastiana brasiliensis and Phyllantus amarus were the most cytotoxic (MNCCs ranged from 7.8 µg/mL to 125 µg/mL). Otherwise, the species with the lowest cytotoxicity were the grasses Oryza latifolia and Brachiaria humidicola, and Desmodium distortum with MNCCs ranging from 1000 µg/mL to 250 µg/mL. The remaining extracts and fractions showed intermediate values of MNCCs.
The sensitivity of the three cell lines towards the plant samples was also compared. The extracts and fractions samples were more toxic towards Vero (11%) and MDBK (19%) cells when compared with RK-13 cells (9%), which was the least sensible cell line and showed to be more tolerant to the presence of plant extracts and their fractions (30%) than the other ones (25 and 14%). MNCC: maximum non-cytotoxic concentration; CAE: crude aqueous extract; S: supernatant fraction; P: precipitate fraction 
Antiviral activity of crude extracts
The antiviral screening of the extracts and fractions allowed observing that five species (26.3%) were inactive against all the viruses tested: Desmodium distortum, Discolobium pulchellum, Sida santaremensis, Oryza latifolia and Lippia alba (data not show). Twelve species extracts or fractions were active against BoHV-1, fourteen against SuHV-1 and five against avian reovirus. All samples from the 14 active species were negative against IBDV. According to these results, 73.8% and 57.1% of samples were positive against SuHV-1 and BoHV-1, respectively, while only 16.6% were positive against reovirus.
The extracts exhibited the highest inhibitory activity against the DNA viruses BoHV-1 and SuHV-1. The species Melochia villosa, Sabicea aspera, Cecropia pachystachya and Polygonum acuminatum were the most active against both herpesviruses. Andira cuyabensis also significantly inhibited SuHV-1 and was the only crude extract active against the avian reovirus. Any extract was active against IBDV (a RNA virus). The results of the antiviral tests of the crude extracts are shown in Table 2 .
Antiviral activity of fractions from crude aqueous extracts (CAE)
Each crude aqueous extract (CAE) afforded two fractions after precipitation with ethanol, a precipitate (P) and a supernatant (S). Both fractions P and S from all extracts were evaluated in the antiviral assays. As observed for the crude extracts, the most interesting results of these fractions were also against the animal herpesvirus. The fractionation of the extracts from Melochia villosa, Sabicea aspera, Cecropia pachystachya and Polygonum acuminatum kept the antiviral activity against the two animal herpesviruses in one or both S and P fractions.
Although Cecropia pachystachya and Melochia villosa fractions remained active against BoHV-1 they showed a lower viral inhibitory index (VII) than the crude extract, suggesting that the substances present in both fractions act synergistically on the virus. The fractioning of Brachiaria humidicola extract resulted in a complete loss of the activity, what could be tentatively explained through a synergism of several substances that were separated when the extract was precipitated with ethanol.
In some cases the fractionation led to an increase of the activity as we can observe for Sabicea aspera, Andira cuyabensis, Mimosa xanthocentra, Rynchanthera novemnervia and Ludwigia nervosa, suggesting that the fractions concentrated antiviral compounds present in the crude extract. A noteworthy case was observed for some plants such as Cecropia pachystachya, Vernonia scabra and Sabicea aspera whose activity against avian reovirus was only detected in the fractions (S or P), the crude extracts being inactive. Therefore, the fractionation would have eliminated some inactive substance or substances in the crude extract or increased the concentration of the antiviral principles in the fractions. The results of the antiviral tests of fractions S and P are shown in Table  2 .
Effect of the sample concentration in the virus assays
The samples showing the more relevant results were assessed in dose-response experiments. The crude extracts from Cecropia pachystachya, Melochia villosa and Polygonum acuminatum were tested at several concentrations, since they showed the highest inhibitory activities against BoHV-1 and SuHV-1. The results are summarized in Table 3 . All the three extracts still inhibit both viruses at 125 µg/mL, unless M. villosa was not effective against SuHV-1. However, at 62.5 µg/mL only C. pachystachya extract remained active against SuHV-1, while for the other plant extracts the activity decreased or was inactive for both BoHV-1 and SuHV-1 viruses. Fractions S and P from C. pachystachya extract were also tested at different concentrations due to the promising results of this species in the initial screening. The results are showed in Table 4 .The antiviral activity was increasing with the concentration for both fractions and viruses. Only for BoHV-1, the fraction S lost completely the activity at 31.25 µg/ mL. The S fraction from Sabicea aspera extract exhibited the highest viral inhibition index value against avian reovirus and was further tested at 3 concentrations of 62.5; 125 and 250 µg/mL. The antiviral activity increased with these concentration with IIV of 1.04; 1.76 and 2.62, respectively.
The radical scavenging activity of extracts from plants composing the pampas and marsh deer diet
Taking in consideration that an excessive production of radical oxidant species (ROS) occurs under infectious and inflammatory conditions, it appeared relevant to assess the antioxidant potentiality of the plants foraged by the deer. Aqueous extracts obtained from nineteen plants from their diet have been submitted to radical scavenging assays in the presence of 1,1-diphenyl-2-picryl-hydrazyl (DPPH) at four different concentrations. Different degrees of efficiency have been observed in function of the plant species, radical scavenging activity ranging from 58.8 to 96.45% at the higher concentration tested. The DPPH radical scavenging screening shows that 35% of the plant extracts (corresponding to 7 plant species) maintained a significant antioxidant activity at the lowest dilution (0.1 µg/mL; 44.4-59.2%) as summarized in Table 5 . Two of them, Cecropia pachystachya and Polygonum acuminatum, were also the most active in the antiviral assays. Comparison of the seven extracts did not reveal significant differences in the activity at the highest and lowest concentrations used. Quercetin (flavonoid aglycone) 87.2 60.7 46.0 43.5 DPPH absorption was measured at 515 nm in a UV-Vis spectrophotometer (experiments were made in duplicate). The radical scavenging activity of each extract was measured by the ratio of lowering of the absorption of DPPH solution in the absence (control value) and presence of extract. Results are expressed in percent (%).
HPLC analysis of the aqueous extracts from Cecropia pachystachya, Polygonum acuminatum and Melochia villosa
The phenolic profiles of the three most active extracts were evaluated by HPLC-UV (Figure 1) classes of phenolic constituents from these plant extracts were tentatively identified as phenolcarboxylic and hydroxycinnamic acids, and flavonoids (Table 6 ). 
DISCUSSION
The nineteen plants selected for this study are foraged by pampas deer and marsh deer living at a private Natural Heritage Reserve in the Brazilian Pantanal wetland (Costa et al. 2006) . Among them, nine species identified as Andira cuyabensis, Cecropia pachystachya, Desmodium distortum, Lippia alba, Ludwigia nervosa, Phyllanthus amarus, Polygonum acuminatum, Sebastiana brasiliensis and Vernonia scabra are used in Brazilian popular medicine for their healing properties. Four other species belong to genera from which numerous species are employed for medicinal purpose, such as Mimosa, Pavonia, Sabiacea and Sida (Costa et al. 2006) .
The presence of those species in the deer diet may be associated with an irrelevant toxicity and could contribute to a good health and wellness of these animals. The cytotoxic screening of plant extracts/fractions in Vero, MDBK and RK-13 cells showed that the majority of plant samples were not toxic at higher concentrations.
From the antiviral screening of extracts and fractions, we demonstrated that fourteen species were able to inhibit viral infectivity in at least one sample (extract or fraction). The most significant results were observed against both herpesviruses tested (BoHV-1 and SuHV-1) and plants that presented the highest activity were C. pachystachya, M. villosa and P. acuminatum. Considering that both herpesviruses possess host-cell derived lipid membranes, which are not present in avian reovirus or IBDV, it could be suggested that antiviral activity of samples may be due to an interaction with the viral envelopes.
The aqueous extract of these most active species were subjected to HPLC-UV analysis. A whole set of different phenolic compounds can be distinguished in the HPLC chromatograms recorded at 280 nm. Flavonoids can be characterized by the UV spectra with two absorption maxima around 240-280 nm (band II) and 300-380 nm (band I), and represent the main class of secondary metabolites found in C. pachystachya and M. villosa (Mabry et al. 1970 ). In addition, other phenolic compounds, such as phenolcarboxylic and hydroxycinnamic acids derivatives, could be observed (Kurkin, 2003; Gómez-Romero et al. 2010) . P. acuminatum showed the poorest number of phenolic compounds, which are mainly composed by phenolcarboxylic acids derivatives (Nikolaeva et al. 2009) .
Flavonoids belong to a group of natural substances with variable phenolic structures and are found in fruits, vegetables, grains, barks, roots, stems, flowers, tea, and wine. These natural products are known for their beneficial effects on health, including the antiviral and antioxidant properties. Several in vitro and in vivo studies demonstrated the ability of flavonoids in inhibiting viral infectivity, showing a broad range of mechanism of action and viral targets (Jassim et al. 2003; Khan et al. 2005; Chattopadhyay et al. 2007; Chattopadhyay et al. 2008) . The phenolics acids, such as phenolcarboxylic and hydroxycinnamic acids, are the simplest bioactive phytochemicals exhibiting a single substituted phenolic ring. These natural products are largely distributed in plant kingdom and also have wide range of antiviral activities (Chattopadhyay et al. 2007; Kratz et al. 2008; Choi et al. 2010a; Choi et al. 2010b) .
Taking into account that virus infection is associated with the release of reactive oxygen species (ROS) and pro-oxidant cytokines, we also evaluated the antioxidant activity of the extracts Schwarz, 1996) . P. amarus, L. nervosa and S. brasiliensis presented the highest antioxidant activity, along with R. novemnervia, A. cuyabensis, C. pachystachya, P. acuminatum, in a decreasing order of activity.
The fractionation of crude extracts by ethanol precipitation allows the separation of macromolecules such as polysaccharides and proteins (fraction P) from micromolecules belonging to secondary metabolites (fraction S). According to the literature, both macro and small molecules can exhibit a broad range of biological properties, among them, the antiviral activity (Camargo Filho et al. 2008; Schmourlo et al. 2005; Oevermann et al. 2003) .
Our antiviral results are in agreement with literature data. The methanolic extract of C. pachystachya was active against the bovine viral diarrhea virus type 1 (BVDV-1) in a screening of medicinal herbs used in Argentinian popular medicine (Ruffa et al. 2004 ). The antioxidant activity of this species was also demonstrated (Velazquez et al. 2003) . Silva et al. (2010) reported the anti-herpetic activity of a C-glycosylflavonoid-enriched fraction from Cecropia glaziovii against herpesviruses types 1 and 2 (HSV-1 and 2).
The Polygonum L. genus is rich in medicinal species. Lin et al. (2010) demonstrated the inhibitory effect of P. cuspidatum extract on HIV-1. The activity was ascribed to (E)-resveratrol. The anti-HBV activity of this species was also reported (Chang et al. 2005) . No reports on the antiviral potential of P. acuminatum were found. However, in an antiviral screening of Argentinian plants used against infectious diseases, P. punctatum showed an in vitro anti-HSV-1 activity (Kott et al. 1999) .
The antiviral activity of M. villosa and other species from the genus was not assessed before, although the antimicrobial properties of some substances isolated from other Melochia species have already been reported (Dias et al. 2007; Tripathi et al. 2010) .
Besides the great number of reports on the antiviral activity of plant extracts, studies focusing the effect on viruses showing a veterinary impact are still very scarce. Some efforts in this field deserve our attention, and are briefly discussed below.
The aqueous extract from the aerial parts of Phyllanthus orbicularis exhibited selective antiviral activity against BoHV-1 and HSV-2 in tissue culture, possibly by direct interaction with virus particles (del Barrio & Parra, 2000) .
Two medicinal plants used in Brazil against infectious and inflammatory symptoms, Stryphnodendron adstringens (Leguminosae) and Guazuma ulmifolia (Sterculiaceae), were also assessed for the antiviral activity. Their crude extract and fractions were shown to inhibit BoHV-1 replication when assayed on viral infectivity and in presence of viral antigens in infected cells (Felipe et al. 2006) . Aqueous extracts from Acanthospermum hispidum leaves exhibit antiviral activity against pseudorabies virus (PRV) and BoHV-1 by impairing productive replication of these viruses (Summerfield et al. 1997 ).
An infusion of Persea americana leaves (Lauraceae) strongly inhibited SuHV-1 and HSV-1 in cell cultures. Afzelin and quercetin 3-O-α-Darabinopyranoside were the most active compounds from this extract (Almeida et al. 1998) .
Three different Chestnut (Castanea spp.) and one Quebracho (Schinopsis spp.) wood extracts, all containing tannins and currently used in the animal feed industry, were tested against avian reovirus (ARV) and avian metapneumovirus (AMPV). All compounds had an extracellular antiviral effect against both viruses. Quebracho extract had also evident intracellular anti-ARV activity. These results suggest that these plant extracts might be good candidates in the control of some avian virus infections (Lupini et al, 2009) .
Some plants used in traditional medicine against infectious and inflammatory disorders inhibit the production of important inflammatory mediators (Fawole et al. 2009 , Siriwatanametanon et al. 2010 . Taking in account that oxygen free radicals (OFR) are oxidant species involved in numerous pathological processes such as inflammation (Farinati et al. 2010; Li et al. 2010; Martinon, 2010 , Förstermann, 2010 , Ushio-Fukai et al. 2008 , phenolic substances with free radical scavenging abilities, such as flavonoids or other phenylpropanoid derivatives have been reasonably claimed to re-equilibrate the OFR balance (Pietta, 2000; Jacobo-Velázquez, 2009 , Dai et al. 2010 . Additionally, Panchal et al. (2012) have shown that compounds with antioxidant activity may be useful in combating viral pathogenesis and they identified a novel small molecule with antioxidant properties and also have potent broadspectrum antiviral activity.
There is not to date reported data on the antioxidant or anti-inflammatory activities of A. cuyabensis, L. nervosa, P. acuminatum, R. novemnervia and S. brasiliensis species. The protective effect of P. amarus extract against inflammation and hepatitis B virus (HBV) was demonstrated (Kiemer et al. 2003; Kassuya et al. 2006; Ott et al. 1997; Mehrotra et al. 1991) . For some other Phyllanthus species it was reported an anti-herpetic activity (HSV-1 and HSV-2), which was attributed to tannins (Xiang et al. 2011; Yang et al. 2007 ).
A beneficial effect such as the anti-inflammatory activity was demonstrated for C. pachystachya (Juan-Hikawczuk et al. 1998) . In addition to current worldwide research programs almost exclusively dedicated to the study of antioxidant substances in the human diet (Stevenson & Hurst, 2007; Virgili & Marino, 2008; Van den Ende et al. 2011; Wootton-Beard & Ryan, 2011) , efforts towards a better understanding of the role of non-nutritional metabolites in wild animal diet may offer promising complementary issues for the medicinal applications of plants (Lozano, 1998; Huffman, 2003; Villalba et al. 2006) .
CONCLUSIONS
Plants foraged by pampas and marsh deer exhibited in vitro antiviral activity against some pathogenic viruses for mammals and antioxidant activity. It can be claimed that the continuous consumption of plants with these properties should be beneficial for Blastocerus dichotomus and Ozotoceros bezoarticus, by preventing diseases or even improving their health conditions. Our findings may contribute to a best knowledge of the management of vegetable species for preservation of these endangered deer, also helping with future projects on sustainable development into this Natural Reserve (RPPN-SESC Pantanal). Our innovative approach using plants from the diet of wild non-primate mammals as selection criterion for the search of potentially therapeutic substances revealed to be promisor.
